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Abstract—Hearing loss and tinnitus are the two most preva -
lent service-connected disabilities among U.S. veterans. The 
number of veterans receiving compensation and services from 
the Department of Veterans Affairs (VA) for these conditions 
continues to increase annually. However, the majority of veter-
ans in the United States do not use VA medical centers or clin-
ics  for  healthcare and do no t  receive V A  compensation 
payments. Therefore, the prevalence of hearing loss and tinni-
tus among U.S. veterans is unknown. This study used National 
Health and Nutrition Examination Survey data to estimate the 
prevalence of these auditory  conditions among male veterans. 
Between 1999 and 2006, pure tone audiometric data collected 
from 845 male veterans were compared with pure tone thresh-
olds collected from 2,086 male nonveterans. We used question-
naire data collected between 1999 and 2004 to calculate and 
compare  the prevalence  of  tinnitus  for  2,174  veterans  and 
4,995 nonveterans. In general, pure tone thresholds did not dif-
fer significantly between veterans and non veterans for most 
frequencies tested (500–8,000 Hz). The overall prevalence of 
tinnitus was greater for veterans than that for nonveterans (p < 
0.001), with statistically significant differences in the 50 to 59 
and 60 to 69 age groups.
Key words: audiometry, epidemiology, hearing loss, NHANES, 
noise exposure, prevalence, rehabilitation, thresholds, tinnitus, 
veterans.
INTRODUCTION
Hearing loss and tinnitus are the two most prevalent  
service-connected disabilities for U.S. veterans, including 
those who served in Operation Iraqi Freedom or Opera-
tion Enduring Freedom [1]. Currently, in the Department 
of Veterans Affairs (VA), more than 570,000 veterans are 
service-connected for hearing loss and more than 639,000 
are  service-connected fo r  tinnitus, which mean s  they 
qualify for monthly compensation and/or VA clinical ser-
vices  related to  these  auditory  disorders  [1]. Nearl y 
476,000 hearing aids were issued by VA audiology clinics 
in fiscal year 2009. The cost for hearing aids, accessories, 
assistive  devices,  and  associated  clinical  services 
exceeded $393 million that year alone [2]. The number of 
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veterans  receiving  VA  compensation  and services  for 
hearing loss and  tinnitus continues to increase annually. 
Consequently, auditory dysfunction in veterans and U.S. 
military  personnel  has beco me  a priorit y  for  VA  and 
Department of Defense research, rehabilitation, and pre -
vention efforts.
The  statistics  just  stated  reflect  numbers  of veterans  
who received hearing healthcare services from VA medical 
centers (VAMCs) or compensation payments from the Vet-
erans Benefits Administration (VBA). However, the major-
ity of veterans in  the United States do not  use VAMCs or 
VA clinics for healthcare and do not receive VBA compen-
sation [3]. Therefore, the prevalence of hearing loss and tin-
nitus  among  U.S.  veterans  is  unknown.  This  study  used 
National  Health  and Nutr ition  Examination S urvey 
(NHANES) data to es timate the prevalence of these audi-
tory conditions among male veterans.
NHANES  is a program of  studies  that  assess  the 
health and nutritional status of adults and children in the 
United States. Designed and conducted by the National 
Center for Health Statistics (NCHS—a center within the 
Centers for Disease Control and Prevention), the survey 
combines interviews and physical examinations. Accord-
ing to the Web site of NCHS (http://www.cdc.gov/nchs
/nhanes/about_nhanes.htm),  “the  NHANES  program 
began in the early  1960s and has been conducted as a 
series of surveys focusing on different population groups 
or health topics. In 1999, the survey became a continuous 
program that has a changing focus on a variety of health 
and  nutrition measurements.”   The  survey  examines  a 
sample that nationally represents 5,000 or more people 
each year. These participants are selected from counties 
across the country, with 15 counties visited by NHANES 
each year. The survey sample is selected to represent the 
U.S. population of all ages. To produce reliable statistics, 
NHANES  oversamples  persons  60 and old er,  African 
Americans,  and  Hispanics. NHA NES  data  collected 
through 2006 are posted online and include demographic 
information; pure tone audiometric thresholds for subsets 
of  participants;  and questio ns  about military service, 
noise exposure, and tinnitus perception.
Because many veterans were exposed to loud sounds 
during military service,  we anticipated that they would 
exhibit higher (that is, poorer) pure tone threshol ds than 
age-matched  groups  of  nonveterans.  Furthermore,  we 
predicted that males with histories of loud noise exposure 
would  exhibit  higher  pure  tone  thresholds  than  age-
matched males who reported less noise exposure. Finally, 
we  hypothesized  that the chronic tinnitus   prevalence 
would be significantly greater among male veterans than 
the prevalence among male nonveterans and that tinnitus 
prevalence  among  males  with histories   of loud noise  
exposure would be greater than that among age-matched 
males with less noise exposure. Tinnitus is the perception 
of ringing, buzzing, hissing, or other noises in the ears or 
head in the absence of external sources for these sounds. 
These  perceptions  can  be  transient,  intermittent,  occa-
sional, or constant. “Chronic” tinnitus is  present all or 
most of the time during a person’s waking hours. Like 
sensorineural hearing loss, chronic tinnitus more  likely 
occurs in middle-aged and older people, especially those 
who have been repeatedly exposed to loud sounds with-
out using hearing protection devices.
METHODS
The following description of the NHANES was taken, 
in part, from its Web site (http://www.cdc.gov/nchs
/nhanes/about_nhanes.htm)  (verbatim  passages  are con -
tained within quotation marks): “The NHANES interview 
includes  demographic,  socioeconomic,  dietary,  and 
health-related  questions.  The  examination  component 
consists of medical, dental, and physiological measure-
ments, as well as laboratory tests administered by trained 
medical personnel. . . . Health interviews are conducted in 
respondents’ homes. Health measurements are performed 
in specially-designed and equipped mobile [examination] 
centers [MECs], which travel to locations throughout the 
country. The study team consists of a physician, medical 
and health technicians, as well as dietary and health inter-
viewers. . . . All participants  visit the physician. Dietary 
interviews  and body measur ements  are  included  for 
everyone. All but the very yo ung have a blo od sample 
taken and will have a dental  screening. Depending upon 
the  age of  the  participant,  the  rest  of  the exami nation 
includes tests and procedures to assess various aspects of 
health . .  . . In general, the  older the individual [is], the 
more  extensive  the  examination.”  NHANES  strives  to 
facilitate and encourage partic ipation. “Transportation is 
provided to and from the mobile center if necessary. Par-
ticipants receive compensation and a  report of medical 
findings . . . . All  information collected in the survey  is 
kept  strictly confidential.  [Participant]  privacy  is pro -
tected by public laws.” Deidentified data are available for 
analysis on the NHANES Web site.505
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NHANES Audiometry Examination
Audiological data collected in NHANES are divided 
into  questionnaire  and  examination  components.  The 
questionnaire includes questions about tinnitus and noise 
exposure  and is completed by all sub jects.  During the 
1999 to 2004 survey cycles, additional noise exposure data 
were recorded in the Occupational History Questionnaire. 
These  questions  were  revised  in the 2005  to  2006 
NHANES and were included in the audiometry question-
naire. The NHANES Audiometry Examination Compo-
nent  consists  of four part s  and was a dministered  to a 
subsample  of participants in the MEC. Th e  following 
description  of  the Aud iometry  Examination was taken 
from its online documentation (http://www.cdc.gov/nchs
/data/nhanes/nhanes_05_06/aux_d.pdf)—verbatim  pas-
sages are contained within quotation marks:
1. “A  pre-exam  audiometric  questionnaire:  This  is  a 
series of questions to identify conditions that would 
affect how audiometric testing is conducted, or how 
results are interpreted. Qu estions include whether the 
subject has ear tubes, a current cold or ear problem, or 
recent loud noise exposure. . . .
2. A brief otoscopic screening (physical) exam[ination] 
of the ear canals and eardrums: This was performed to 
identify abnormalities which  would require alternate 
audiometric procedures or influence interpretation of 
test  results, and  to  identify  conditions which might  
require medical referral. The exam[ination] screened 
for excessive or impacted ear cerumen (wax), physical 
abnormalities, or collapsing external ear canals.
3. Tympanometry:  This is   an  objective  assessment  of 
middle ear function by testing the mobility of the ear-
drum in response to changes in air pressure within the 
ear canal. It was used to identify middle ear patholo -
gies that might contribute to hearing loss. . . .
4. Pure tone air conduction audiometry: This measures 
hearing sensitivity by presentin g pure tone signals to 
the ear through earphones and by varying the intensity 
of the signals until a subject’s hearing threshold at that 
frequency  is determined.  Testing  was  performed at 
[seven] frequencies . . .” from 500 to 8,000 Hz.
“Instrumentation  for the  Audiometry  Component 
included an Interacoustics Model AD226 [Assen s, Den-
mark]  audiometer  with  standard  TDH-39  headphones 
[Farmingdale,  New  York]  and Etymotic EarT one  3A 
insert  earphones [Elk Grove  Village,  Illinois].  Tympa-
nometry was performed using a Micro Audiometrics Ear-
scan Acoustic Impedance Tympanometer [Murphy, North 
Carolina].”  Between  1999  and  2004,  “all  Audiometry 
Component sections were performed  by a trained exam-
iner on examinees” aged 20 to 69 years “in a  dedicated, 
sound-isolating room in  the mobile examin ation center 
(MEC).” In 2005 and 2006, the same procedures were 
conducted on participants aged 70 or older and not on  
individuals aged 20 to 69. During both periods, “hearing  
threshold testing was conducted  on both ears of examin-
ees  at the same  seven  frequencies  (500, 1,000, 2,000, 
3,000,  4,000,  6,000, and 8,000 Hz).  Testing  was  con-
ducted according to a modified Hughson Westlake proce-
dure using the automated testing mode of the audiometer, 
except as indicated below. The effective range for auto-
mated audiometric testing was from –10 to 100 decibels 
(dB) [HL (hearing level)] at 500 to 6,000  Hz and –10 to 
90 dB at  8,000 Hz. Thresholds could be tested  through 
120 dB (110 dB at 8,000 Hz) using manual audiometric 
mode.  Observed  values,  therefore,  varied betw een  –10 
and 120 dB. If an examinee did not respond to the signal 
tone at any level for one or more frequencies because of 
deafness or severe hearing loss, a threshold level [code] 
of 666 was entered. Manual  testing was also conducted 
when the examinee could not operate the response switch 
or responded too slowly for  the audiometer to accurately 
record the response. . . .”
“The audiometric test room was  required to meet or 
exceed  the specifications of ANSI [Ame rican  National 
Standards Institute] S3.1-1991 for ears covered testing. A 
Quest  Model BA-201-25 Bi oacoustic  Simulator  and 
Octave  Band  Monitor  [Quest Technologies;  Oconomo-
woc, Wisconsin] was used to continuously measure the 
background noise levels in the audiometric test room dur-
ing audiometric examinations. Pure tone audiometric test-
ing was not performed if ambient noise levels in the  test 
booth exceeded maximum permissible levels . . . . As an 
additional quality measure, all audiograms, whether con-
ducted in automated or manual mode, tested the 1,000 Hz 
frequency twice in each ear as a measure of the reliability 
of the subject’s responses. Pure tone audiograms were not 
accepted  if the re  was  more tha n  a 10  dB  difference 
between them. For further details regarding any of these 
procedures, analysts should consult the NHANES Audi -
ometry/Tympanometry Procedures Manual” [4].
“In some instances, if a pure tone audiometric signal 
is sufficiently loud, it can ‘cross over’ and be heard by the 
opposite ear via bone conduction. When this occurs, it is 
difficult to determine if the threshold obtained is truly the 
threshold of the test ear, or an artifact of the  nontest ear 506
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(which may have better hearing).” For NHANES 1999 to 
2006,  “a cro ssover  retesting  protocol  was  performed 
whenever the observed threshold at any given frequency 
was poorer [higher] in one ear than the other by 25 dB at 
500  and  1,000  Hz; or 40   dB  at  any  higher  frequency. 
Retesting  was accomplished  using  insert  earphones, 
which are smaller and have  less direct contact with the 
head.  Thus,  a m uch  louder  stimulus  is required  before 
crossover occurs. Due to the complexity of the procedure, 
masking was not employed in this survey.”
“On a continuous basis, a consulting Audiologist per-
formed a clinical review of all data for each subject as it 
was received, checking for quality and consistency. In 
addition, a computerized data editing program was devel-
oped to check for logical inconsistencies in the data and 
technician errors, and to cross-check other issues affect-
ing  data  quality  (consistency  in  identifying potent ial 
instances where crossover effects might have occurred, 
assurance of randomization of the initial test ear , etc.). 
[Back-end] Edits of  the data were performed as needed 
when errors were detected.”
Subjects were selected for NHANES according to a 
complex survey-design algorithm for the questionnaire 
and examination components. Briefly stated, the design 
involves  randomly  selecting  counties,  neighborhoods, 
households,  and  household  members.  Complex  survey 
designs such as that used in NHANES result in each par-
ticipant assigned strata, clusters, and survey weights tha t 
must be accounted for during data  analysis. A  subject’s 
survey weight is interpreted as the number of people in 
the general U.S. population re presented by that subje ct. 
Weights are derived from numerous variables and estima-
tion procedures that are described in the NHANES docu-
mentation. Our analysis of the 1999 to 2004 data uses a 
6-year weighting scheme, while the 2005 to 2006 data are 
analyzed  separately  using  2-year survey  weights.  For 
more  information  on  the  use  of  sample weights  in 
NHANES data analysis, refer to the current NHANES 
Analytic and Reporting Guidelines [5].
This  study analyzed  the  following  NHANES  data 
(extracted from the NCHS Web site http://www.cdc.gov
/nchs/nhanes/about_nhanes.htm)  collected  from male 
participants  between 1999  and  2006.  Females were 
excluded  from the se  analyses  because  the  numbers of 
female veterans in each age  category were too small to 
allow  meaningful  statistical  comparisons with nonvet -
eran females in the samples.
Each participant’s age and sex were determined at the 
time of the interview. Veteran status was defined as an 
affirmative response to the following question: “Did you 
ever serve in the  Armed Forces of the Unite d States?” 
For years 1999 to 2004, we defined noise exposure as a 
composite  of oc cupational  and  nonoccupational  noise. 
Nonoccupational noise exposure was defined as unpro-
tected exposure to  firearms, loud music, or power tools 
for an average of at least once a month for at least 1 year. 
Occupational  noise e xposure  was  defined  as c urrent 
exposure to loud noise w hile at work. NHANES ques-
tionnaires  do  not  differentiate  noise  exposure  during 
military service from  other types of occupational noise 
exposure, so current noise exposure data were used for 
our  analysis. This meth odology  is ap propriate,  since 
NHANES sampling does not include Active Duty mili -
tary personnel. For NHANES 1999 to 2004, participants 
were  identified  as  “noise-exposed”  if the y  answered 
“Yes” to the question “Outside of work, have you ever 
been exposed to firearms noise for an average of at least 
once a month for a year?” and if they answered “No” to 
the  question “H ave  you  ever  worn hearing prote ction 
devices  when expose d  to  firearms  noise?”  or  if they 
answered “Yes” to the que stion “Outside of work, have  
you ever been exposed to other types of loud noise, such 
as noise from power tools or loud music, for an average 
of at least once a month for a year? [By loud noise I mean 
noise so loud that you had to speak in a raised voice to be 
heard.]” and if they answered “No” to the question “Have 
you ever worn hearing protection devices when exposed 
to these loud noises?” or if they answered “Yes” to “At 
your job as a(n) {OCCUPATION} for {EMPLOYER}, 
are you currently exposed to loud noise? [By loud noise, 
I mean noise so loud that you have to speak in a raised 
voice to be heard.].”
Noise exposure questions changed for the  2005 to 
2006 NHANES cycle. For these years, we identified a 
subject as noise-exposed if he identified any history of 
occupational or nonoccupational noise exposure for 5 or 
more hours a week, during which he “Rarely/Seldom” or 
“Never” used hearing protection. For NHANES 2005 to 
2006,  a  significant  history  of noise  exposure  was 
assumed if participants answered “Yes” to the que stion 
“Have you ever had a job where you were exposed to 
loud noise for 5 or more hours a week? [By loud noise I 
mean noise so loud that you had to speak in a raised voice 
to be heard.]” or answered “Yes” to the que stion “Out-
side of a job, have you ever been exposed to steady loud 507
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noise or music for 5 or more hours a week? [This is noise 
so loud that you have to ra ise your voice to be heard. 
Examples  are  noise from powe r  tools, lawn mowers, 
farm  machinery,  cars, trucks,  motorcycles,  or loud 
music.]” and if participants answered “Rarely/Seldom” 
or “Never” in response to, “How often do you wear hear-
ing  protection  devices  (ear plugs, ear  muffs)  when 
exposed to loud sounds or noise? (Include both job and 
off work exposures.).”
Outcomes for this study included pure tone air con-
duction  audiometric  thresholds  (NHANES  1999–2006) 
and prevalence of tinnitus (NH ANES 1999–2004). Par-
ticipants were said to experience chronic tinnitus if they 
answered “Yes” to the question “In the past 12  months, 
have you ever had rin ging, roaring, or buzzing in your 
ears?” and if they answered “Almost always” to the fol-
low-up question “How often did this happen? Would you 
say . . . ?” (The other response  choices were “At least 
once a day,” “At least once a week,” “At least once a 
month,” or “Less frequently than once a month.”) We did 
not  analyze prevalence of tinnitus data for NHAN ES 
2005 to 2006 because the wording and structure of tinni-
tus-related questions changed significantly for the survey 
during this time compared with questions during 1999 to 
2004. Therefore, combining or comparing tinnitus preva-
lence data for these different NHANES questionnaires is 
not feasible.
Data Analysis
NHANES data management, analysis, and reporting 
were conducted using SAS software, version 9.2 (SAS 
Institute Inc; Cary, North Carolina). Statistical compari-
sons were made between veteran and nonveteran male 
participants and between groups of participants who did 
or did not report a significant history of noise exposure.
We  estimated  the  chronic  tinnitus prevalence  and 
mean pure tone thresholds at each audiometric test fre-
quency using the proper survey weights. We based the 
standard error of ea ch estimate on a  Taylor’s series lin-
earization using the complex design features [6]. Tests of 
the null hypothesis of no dif ference in chronic tinnitus 
prevalence between veterans and nonveterans are based 
on the Rao-Scott Likelihood Ratio chi-square test. Simi-
lar tests for pure tone thresholds at each audiometric test 
frequency are based on the Wald F statistic.
Our primary objective of this study was  to evaluate 
differences in audiometric configurations and the preva-
lence of tinnitus between the U.S. male veteran and non-
veteran populations, while controlling for age and noise 
exposure. Many respondents to NHANES did not satisfy 
the eligibility requirements of our study for one or more 
of  the following reasons:  they  were y ounger  than 
20 years of age, were women, or were missing responses 
to one or more variables needed to conduct the analysis. 
In  standard  statistical  analysis,  ineligible  subjects are 
ignored  and  attention  is foc used  on  those  respondents 
within the eligible ranges. This procedure is not possible 
when complex survey data are analyzed because survey 
weights were defined for the entire sample of NHANES 
respondents. Simply excluding the ineligible subjects and 
computing separate statistics within each age/veteran sta-
tus subgroup would cause the standard errors to be esti-
mated incorrectly. Accordingly, we used domain analysis 
[6] to compute proper subgroup statistics for both eligible 
and ineligible subjects in the sample. Results are reported 
exclusively for the subgroups of interest in this study.
RESULTS
Pure Tone Audiometric Thresholds
From 1999 to 2004, NHANES collected usable audi-
ometric  data  from 5 ,742  individuals  aged  20  through 
69 years. Of these, 2,545 males provided data suitable for 
analysis. Most of the remaining participants were women 
(n = 3,068), and some (n = 129) of the remaining men 
had invalid data related to survey weights, veteran status, 
noise exposure, or audiometric results. The 2005 to 2006 
NHANES yielded data on 10,348 participants, of whom 
386 were men aged 70 and older with valid audiometric 
data. The majority of exclusions for 2005 to 2006 were 
participants under 70 years old (n = 9,466), of which the 
remainder  were women ( n  = 43 1)  or  individuals  with 
invalid data (n = 65).
We analyzed audiometric data collected from 2,931 
males who participated  in NHANES between 1999 and 
2006. Table 1 lists the number of participants in each age 
category and the numbers of male veterans and nonveter-
ans in each age category. Note that the percentage of vet-
erans  in  each  age  category  increases  with the   age  of 
participants.  Some  subjects  did  not  have  measurable 
thresholds  for certain frequencie s,  so sa mple  sizes  for 
certain  frequencies  might be  slightly  lower than those 
sizes shown in Table 1.
For  this  analysis,  pure  tone  thresholds  obtained  at 
each  frequency  tested  for  the left and  right  ears  were 508
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averaged for each male participant. Figure 1 shows aver-
age pure tone thresholds for each test frequency and age 
group. As expected, thresholds for each test frequency 
tended to be higher (that is, poorer) in successively older 
age groups of both veterans and nonveterans. In general, 
most audiometric thresholds for veterans are not signifi -
cantly different from those for nonveterans, with the fol-
lowing  exceptions:  500 Hz   for 60- to 69-year -olds 
(higher threshold for nonveterans, p = 0.04); 4,000 Hz for 
50- to 59-year-olds (higher threshold for veterans,  p = 
0.04). In addition, 50- to 59-year-old veterans exhibited 
higher thresholds for 6,000 Hz (p = 0.06) and 8,000 Hz 
tones (p = 0.07) than those for nonveterans, but these dif-
ferences did not quite achieve the statistical significance 
level of p < 0.05.
Figure 2 shows average pure tone thresholds for each 
test frequency and age group for veterans and nonveterans 
who reported a history of significant noise exposure. The 
majority of thresholds for each test frequency are similar 
for participants within the same age group. However, one 
Table 1.
Numbers of male participants in each category  who provided pure 
tone  audiometric  data for  analysis  (National  Health  and Nutrit ion 
Examination Survey, 1999–2006).
Age (yr) Veterans (%) Nonveterans (%) Total
20–29 34 (6.04) 529 (93.96) 563
30–39 74 (14.31) 443 (85.69) 517
40–49 84 (16.12) 437 (83.88) 521
50–59 158 (36.16) 279 (63.84) 437
60–69 231 (45.56) 276 (54.44) 507
70–79 155 (65.96) 80 (34.04) 235
80–89 109 (72.19) 42 (27.81) 151
Total 845 (28.83) 2,086 (71.17) 2,931
Figure 1. 
Audiograms  for  National  Health a nd  Nutrition  Examination  Survey 
respondents (1999–2006) by age category. Statistically significant con-
trasts are indicated by stars.
Figure 2. 
Audiograms for noise-exposed National Health and Nutrition Exami-
nation Survey respondents (1999–2006) by age category. Statistically 
significant contrasts are indicated by stars.509
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set of statistical differences is apparent in Figure 2: veter-
ans aged 80 years or older with histories of noise exposure 
exhibited higher (poorer) thresholds for 4,000, 6,000, and 
8,000 Hz tones than those thresholds of nonveterans in the 
same age group who also reported higher levels of noise 
exposure. In addition, 80+-ye ar-old veterans with noise 
exposure histories exhibited higher thresholds than those 
of nonveterans  with noise  exposure  for 3,000 Hz  (p  = 
0.07), but the difference did not achieve the statistical sig-
nificance level of p < 0.05.
Figure 3 shows average pure tone thresholds for each 
test frequency and age group for veterans and nonveterans 
who did not report histories of significant noise exposure. 
Again, most thresholds for each test frequency are similar 
for participants within the same age group. Exceptions 
include higher thresholds at most test frequencies for non-
veterans  in  the 20 to   29  age  category with low-noise 
exposure than those for veterans in the same age range 
with histories of low-noise exposure. Only 14 veterans 
were in this subgroup, and this small sample of  veterans 
had exceptionally good hearing at all  frequencies tested. 
Furthermore, pure tone thresholds among the nonveterans 
were  skewed  by  a  handful  of  respondents  with h igh 
thresholds for mid- or lower frequencies (e.g., >40 dB HL 
at  1 kHz). Since  thresholds  are  likely  to  be  correlated 
across  frequencies,  it  is not  surprising  that  statistically 
significant results are observed over the range of test fre-
quencies in this age group. Pure tone thresholds for non-
veterans  in  the 20 to   29  age  category with lo w  noise 
exposure (n = 300) are  statistically similar to thresholds 
obtained  from  20-  to  29-year-old  nonveterans  who 
reported higher levels of noise exposure (n = 224).
Prevalence of Tinnitus
From  1999  to  2004,  NHANES collected  question-
naire data from 31,126 participants, 7,169 of whom were 
males 20 years and older with valid data. Most excluded 
subjects were under the age of 20  (n = 15,794); of the 
remainder, a large number were women (n = 8,109) and a 
small number (n = 54) had invalid data for tinnitus, vet-
eran status, or noise exposure.
Table  2 contains tinnitus prevalence data for 7,169 
male participants (20 years and older) in NHANES from 
1999 to 2004, 2,174 (30.3%) of whom were veterans. 
The overall chronic tinnitus prevalence for all males in 
this sample is 7.1 percent. The prevalence of tinnitus for 
veterans is 11.7 percent; for nonveterans it is 5.4 percent. 
This difference between veterans and nonveterans is sta-
tistically  significant  (Chi-square  statistic = 58.9;  p  < 
0.001). The odds ratio for  the association between vet-
eran status and tinnitus is 2.3 (95% confidence interval = 
1.9 to 2.9), indicating more than a twofold higher preva-
lence  of tinnitus among  veterans  than nonvete rans.  In 
general, the prevalence of tinnitus increases from the 20 
to 29 through the 60- to 69-year-old age categories, then 
decreases for the 70- to 79- and 80+-ye ar-old categories. 
Compared with nonveterans, veterans have statistically 
greater prevalence of tinnitus in the 50 to 59 (p = 0.04) 
and 60 to 69 (p < 0.01) age categories.
Table  3 contains tinnitus prevalence data for male 
veterans and nonveterans who participated in NHANES 
between 1999 and 2004 and who did or did not report a 
history of significant noise exposure, according to our 
definition. The chronic tinnitus prevalence among males 
who reported significant noise exposure is 8.8  percent; 
Figure 3. 
Audiograms for National Health and Nutrition Examination Survey 
respondents (1999–2006) reporting no significant noise exposure by 
age category. Statistically significant contrasts are indicated by stars.510
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the  prevalence  among males  who  reported le ss  noise 
exposure  is  6.1  percent.  This  difference  is statistically 
significant  (chi-square  statistic  = 13.7;  p  < 0 .001). 
Among males who had a history of noise exposure, no 
statistically significant differences were found in tinnitus 
prevalence between veterans and nonveterans for any of 
the age categories. However, for males who reported no 
significant  noise  exposure,  veterans  had  higher  preva-
lence of tinnitus than nonvet erans in the 30 to 39 ( p = 
0.02) and 60 to 69 (p < 0.04) age groups; the disparity 
between  50- to 59-year -olds  in these  subgroups 
approached statistical significance (p = 0.06).
DISCUSSION
To our knowledge, this study is the first that uses 
NHANES data to provide information about audiometric 
thresholds and prevalence of tinnitus among a sample of 
all male veterans in the United States, not just those who 
have been evaluated at VAMCs or VA clinics. Because 
many veterans were exposed to loud sounds during mili-
tary  service, we antic ipated  that  compared with age-
matched groups of nonveterans, veterans would exhibit 
higher  pure  tone  thresholds.  Furthermore,  before we 
began our analyses of NHANES data,  we predicted that 
males with histories of loud noise exposure would exhibit 
higher pure tone thresholds than those of age-matched 
males who reported less noise exposure. In general, nei-
ther  of the se  predictions  was  supported  by  NHANES 
data, with the exception of higher frequency thresholds in 
noise-exposed veterans +80 years old.
Wilson  et  al. analyz ed  audiometric  data  collected 
from male veterans and nonveterans (aged 48–92 years) 
who participated in the Epid emiology of Hearing Loss 
Study between 1993 and 1995 [7]. The authors reported 
that pure tone thresholds, word recognition in quiet, and 
word recognition in compe ting message increased with 
age but were not significantly different for veterans and 
nonveterans. Also, no significant differences were found 
Table 2.
Prevalence of tinnitus among males, from National Health and Nutrition Examination Survey, 1999–2004.
Age
Category
(yr)
Veterans Nonveterans Total p-Value
n % SE (%) n % SE (%) n % SE (%)
Veterans vs 
Nonveterans
20–29 63 0.9 0.9 1,138 1.5 0.4 1,201 1.5 0.4 0.56
30–39 148 5.2 1.9 994 3.1 0.6 1,142 3.4 0.6 0.23
40–49 208 5.0 2.0 1,014 6.4 0.9 1,222 6.1 0.9 0.55
50–59 341 15.2 2.2 591 9.8 2.0 932 12.1 1.6 0.04
60–69 480 17.9 2.1 652 11.7 1.6 1,132 15.1 1.5 <0.01
70–79 554 13.3 1.5 364 12.7 2.5 918 13.2 1.2 0.85
80+ 380 10.1 1.8 242 8.4 1.7 622 9.5 1.2 0.51
Total 2,174 11.7 0.8 4,995 5.4 0.5 7,169 7.1 0.5 <0.001
SE = standard error of the mean.
Table 3.
Prevalence of tinnitus by noise exposure among males, from National Health and Nutrition Examination Survey, 1999–2004.
Age
Category
(yr)
No Significant Noise Exposure Significant Noise Exposure
Vet Nonvet Total p-Value Vet Nonvet Total p-Value
n %
SE
(%)
n %
SE
(%)
n %
SE
(%)
Vet vs
Nonvet
n %
SE
(%)
n %
SE
(%)
n %
SE
(%)
Vet vs 
Nonvet
20–29 31 1.7 1.7 658 1.5 0.6 689 1.5 0.6 0.91 32 — — 480 1.6 0.6 512 1.5 0.5 —
30–39 85 5.5 2.8 610 0.9 0.5 695 1.5 0.5 0.02 63 4.8 2.8 384 6.3 1.4 447 6.1 1.4 0.61
40–49 115 5.2 2.6 672 5.6 1.0 787 5.5 0.9 0.89 93 4.8 2.5 342 7.6 1.8 435 7.0 1.5 0.39
50–59 207 10.8 2.3 418 6.2 1.6 625 7.9 1.4 0.06 134 21.8 3.8 173 17.3 3.7 307 19.4 3.0 0.33
60–69 361 15.8 2.3 521 9.7 2.0 882 13.0 1.6 0.04 119 23.8 4.6 131 18.6 4.5 250 21.6 3.3 0.41
70–79 426 12.7 1.8 307 12.4 2.7 733 12.6 1.4 0.92 128 15.3 3.0 57 14.7 5.5 185 15.2 2.4 0.93
80+ 285 10.4 1.8 199 8.0 1.8 484 9.5 1.3 0.33 95 9.3 3.8 43 10.0 5.4 138 9.5 2.6 0.92
Nonvet = Nonveterans, SE = standard error of the mean, Vet = Veterans.511
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between  participant groups  on  the Hearing Handicap 
Inventory for the Elderly questionnaire.
Why were pure tone thresholds of veterans and non-
veterans similar in both of these studies? We propose the 
following explanations:
1. For averaged audiometric data, age is the most impor-
tant criterion for determining  pure tone thresholds at 
each test frequency  [8–10]. In this study, the preva-
lence and effects of presbycusis appear to be similar 
and  evenly  distributed  among  male veteran s  and 
nonveterans.
2. Although  veterans  are  sometimes  exposed to loud  
sounds  during military  service,  many  veterans and  
nonveterans are also exposed to loud sounds during 
recreational  and  nonmilitary  occupational  activities. 
Occupational or recreational noise exposure can occur 
for decades during a person’s life, a much longer time 
than most veterans spend in the military. In addition to 
the  aging process, this nonmilitary noise exposure  
could also contribute to similarities in audiometric pat-
terns exhibited by veterans and nonveterans.
One pattern of audiometric differences did occur in 
this analysis of NHANES data: compared with nonveter-
ans 80 or older  with histories of significant noise expo -
sure, veterans in the same age group also with histories of 
significant noise exposure exhibited higher thresholds for 
3, 4, 6, and 8 kHz tones. The relatively small number  of 
nonveterans in the latter ca tegory (21) may possibly be 
skewing  the results. However ,  if  this  trend  holds in a 
larger sample of veterans aged 80+ years, it might provide 
evidence for the theory that noise  exposure early in life 
increases the chance of hearing loss later in life [11].
Previous studies of group audiometric data reported 
one  of  the  trends  observed  in  this art icle:  pure tone 
thresholds increase with the  subjects’ age [8–10]. Some 
studies attempted to estimat e the prevalence of hearing 
loss in a population based on  audiometric data [8–9,12–
13].  Such estimations requ ire  a  definition  of  “hearing 
loss.”  Using Ventry  and Weinstein  criteria  (40  dB  or 
greater thresholds for 1 and 2 kHz) [14], R euben et al. 
reported a hearing los s prevalence of 14.2 perce nt in a 
sample of 2,506 people aged 55 to 74 years [12]. When 
Reuben et al. used high-frequency (1, 2, and 4 kHz) pure 
tone  average  (PTA)  criteria,  the  prevalence  of hearing 
loss  in this population rose  to  35.1  percent  [12].  In 
Mocicki  et  al.’s  study  of 2, 293  people  aged  57  to 
89 years, they defined hearing loss as “a threshold level 
greater than 20 dB above au diometric zero for at least 
one frequency from 0.5 to 4  kHz” in the better  ear [8]. 
Using this definition, Mocick i et al. reported a hearing 
loss prevalence of 83 percent for their study population. 
Cruickshanks et al. defined hearing loss as “a pure-tone 
average of thresholds at 500, 1,000, 2,000, and 4,000 Hz 
greater than 25 dB” in the worse ear [10]. In their study 
of 3,753 people aged 48 to 92 years, Cruickshanks et al. 
reported a hearing loss prevalence of 45.9 pe rcent [10]. 
In Agrawal et al.’s analysis of NHANES data from 2003 
to 2004 [13], they used similar criteria as Cruickshanks et 
al. [10] used to define “sp eech-frequency hearing loss.” 
According to these criteria, Agrawal et al. estimated that 
16.1 percent of all people in the United States aged 20 to 
69 years experience speech-frequency hearing loss [13].
Since  this  study focuses  on  veterans,  we  analyzed 
NHANES audiometric data according to criteria outlined in 
the  VA  definition of disability due to impaired hearing: 
“Impaired  hearing  will be  considered  to  be  a dis ability 
when the auditory threshold in any of the frequencies 500, 
1,000, 2,000, 3,000, 4,000 Hertz is 40 decibels or greater; 
or when the auditory thresholds for at least three of the fre-
quencies  500,  1,000, 2,000,  3,000,  or 4,000 Hertz  are 
26 decibels or greater; or wh en speech recognition scores 
using the Maryland CNC [Com puter Numerical Control] 
Test are less than 94  percent” [15]. Table  4 contains the 
percentages  of  male  veterans  in e ach  age  category w ho 
meet or exceed these VA audiometric criteria for disability 
due  to  hearing loss.  As  expected, these percentages 
increase with age, beginning with the 40- to 49-  year-old 
category. Because NHANES data  do not include speech  
recognition scores, the numbers in Table 4 probably repre-
sent underestimations of the  percentages of veterans who  
meet VA audiometric criteria for disability due to hearing 
loss.
Table 4.
Percentage ± SE (%) of male veterans who meet or exceed Depart-
ment  of Veterans  Affairs  audiometric  criteria  for disa bility  due to 
hearing loss.
Age Category (yr) Percentage ± SE (%)
20–29 16.2 ± 9.0
30–39 14.2 ± 4.0
40–49 33.9 ± 4.8
50–59 64.8 ± 3.9
60–69 81.9 ± 3.1
70–79 93.8 ± 2.4
80+ 98.8 ± 1.2
SE = standard error of the mean.512
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The overall prevalence of tinnitus for adult males in 
this study (7.1%) is slightly lower than the tinnitus preva-
lence (8.4%) reported by Ries [16] for all adults who par-
ticipated  in the U.S. Nationa l  Health  Interview Survey 
(NHIS) Hearing Supplement in 1990. For adults 50 years 
or older, Ries reported a tinnitus prevalence of 12.1 percent 
[16]. In Adams et  al.’s analysis of NHIS data collected in 
1996, they reported a tinnitus prevalence of 11.7 percent 
for males 65 years or older [17]. In the present study, the 
tinnitus prevalence for males 60 years or older is 13.6 per-
cent. Ries, Adams et al., Brown, Hoffman and Reed, and 
other  authors  reported  that  tinnitus  prevalence  increases 
with increasing age of subjects in a sample [16–19]. Data 
from the present study agree with this trend. Hoffman and 
Reed also demonstrated that the prevalence of tinnitus  is 
positively correlated with PTA audiometric thresholds for 
adults aged 25 years or older [19]. Because PTAs usually 
increase as people age (Table 5), increases in hearing loss 
are the primary contributors to increases in tinnitus preva-
lence that occur from younger to older age groups.
Before we began our analyses of NHANES data, we 
predicted that the chr onic tinnitus prevalence would be 
significantly greater among male veterans than the preva-
lence among male nonveterans. Data in the 1999 to 2004 
NHANES  samples  support  this  hypothesis. In the ir 
analysis  of  1994  NHIS data, Ad ams  and  Marano  also 
reported a higher prevalence of tinnitus for veterans than 
the prevalence for nonveterans [20]. Ries reported that a 
significantly higher percentage of veterans experienced 
“bothersome tinnitus” compared with the percentage of a 
group of nonveterans who participated in the 1990 NHIS 
Hearing Supplement [16]. Most likely, veterans’ expo-
sure to loud sounds (e.g.,  weapons fire,  aircraft, explo-
sions, or vehicles) during military service, combined with 
other factors (such as occupational and recreational noise 
exposure, the aging process, and coexisting medical con-
ditions), contributed to the higher prevalence of tinnitus 
in this population.
Because tinnitus prevalence in this study is higher for 
veterans and for males with greater levels of noise expo-
sure, efforts to prevent hearing loss need to be increased 
among military personnel, veterans, and other  members 
of our society [21–22]. Providing and disseminating edu-
cation programs to prevent hearing loss nationally should 
help increase hearing-protection strategies during occu-
pational  and  recreational  activities  [23–25].  Consistent 
implementation of hearing protective behaviors by large 
numbers of individuals in the United States would help 
reduce the prevalence  and severity of hearing loss a nd 
tinnitus over time [26–27].
CONCLUSIONS
Analysis of NHANES data showed that the ove rall 
chronic  tinnitus  prevalence  is  greater  for  veterans 
(11.7%) than the prevalence for nonveterans (5.4%), with 
statistically significant differences in the 50 to 59 and 60 
to 69 age groups. Also, the prevalence of tinnitus among 
males who reported a noise exposure history is signifi-
cantly  higher  than the  prevalence  among  males  who 
reported less noise exposure. However, with few excep-
tions, the pure tone hearing thr esholds for veterans did 
not  differ  significantly  from non veteran  audiograms; 
males who reported more noise exposure did not have 
substantially worse hearing than males the same age with 
less noise exposure. These surprising audiometric results 
probably occurred because the larger effect of age in our 
decade-by-decade comparisons obscured the small differ-
ences  in pure tone threshol ds,  if  they exist  between 
groups  (veterans  vs  nonveterans  or no ise-exposed  vs 
non–noise-exposed males).
In the near future, hearing loss and tinnitus will likely 
remain  the most   prevalent  service-connected  disabilities 
among all U.S. veterans. In addition, increasing numbers of 
veterans will probably seek and receive VA compensation 
and  medical  and r ehabilitative  services f or  these  condi-
tions. As they plan for future costs of healthcare and com-
pensation, the Veterans Health Administration (VHA) and 
the VBA should be able to use results of this study and its 
estimates of audiometric thresholds and tinnitus prevalence 
Table 5.
Pure tone average thresholds (in decibel hearing level for 0.5, 1.0, 2.0, 
and 4.0 kHz) ± standard error of the mean for males in each category 
(National Health and Nutrition Examination Survey, 1999–2006).
Age Category 
(yr)
Veterans Nonveterans p-Value
20–29 7.8 ± 2.0 8.8 ± 0.4 0.59
30–39 11.2 ± 0.9 11.7 ± 0.5 0.60
40–49 15.7 ± 1.0 15.9 ± 0.7 0.88
50–59 21.7 ± 0.9 21.0 ± 1.1 0.59
60–69 28.5 ± 1.1 28.6 ± 1.1 0.90
70–79 36.0 ± 1.4 35.0 ± 1.8 0.74
80+ 45.4 ± 1.4 44.3 ± 2.0 0.62513
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among  male  veterans in  the  United  States.  Clinicians, 
researchers, administrators, and policy makers in related 
fields may also be interested in these findings.
Additional studies should be undertaken to—
1. Include data from female veterans.
2. Investigate  specific chara cteristics  of  veterans  and 
nonveterans that contribute to the  prevalence of hear-
ing loss and tinnitus reported here.
3. Acquire more detailed information about the types and 
severity of hearing  loss and tinnitus experienced by 
veterans and nonveterans.
4. Acquire information related to treatments and rehabili-
tative services participants received for auditory com-
plaints/disorders.
Data from these proposed  investigations  would pro-
vide a more comprehensive understanding of auditory dys-
function experienced by veterans and n onveterans in the 
United States. Information of this kind should also facili-
tate the development, implementation, and evaluation of 
rehabilitative interventions and policies related to hearing 
disorders.
Although the number of veterans enrolled in the VA 
healthcare system has increased during the last few years, 
only 30 percent of veterans in the United States receive 
healthcare  services  at  VAMCs  and  VA  clinics  [3]. VA 
medical  budgets increased in real (inflation-adjusted) 
terms from $16 billion in 1990 to nearly  $28 billion in 
2004, even though the number of veterans in th e United 
States  decreased by 1 to 2 percent a year during that 
period.  According  to an an alysis  by  Grotto and  Jones 
[28], “a dramatic spike in disability claims during the last 
seven years has overwhelmed the VA and nearly doubled 
the cost of compensating wounded veterans. The bulk of 
the increases didn’t come from veterans of the c urrent 
wars in Iraq and Afghanistan, but from those who served 
years or even decades before. Veterans from the Vietnam 
and Persian Gulf eras accounted for roughly 84 percent of 
the rise in spending, which hit $34.3 billion last year. The 
surge from past eras comes even as more s oldiers than 
expected are returning home  from Iraq and Afghanistan 
in need of care. With hundreds of thousands of troops still 
deployed, the VA already provides disability payments to 
nearly  200,000 veterans from  the  current conflicts, a 
number that is expected to balloon during  the next 30 
years” [28].
The  VHA  and  VBA  should  prepare  for  an  ever-
increasing number of veterans seeking care and compen-
sation for hearing loss and tinnitus. Adding veterans of 
the current conflicts to the aging population of existing 
veterans ensures that auditory dysfunction will remain a 
top priority and expense for the VA.
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